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A great deal of experimental work using perturbed angular correlation (PAC) has succeed in
measuring hyperfine fields in Ce diluted in metallic systems, thus allowing the determination of the
local impurity moment at low temperatures. Motivated by such experimental work on 140Ce placed
on a R site of the rare earth (R = Gd, Tb, Dy, Ho, Er) in RCo2, we theoretically discuss, within a
simple model, the local magnetic moments and thereby calculate the magnetic hyperfine fields. The
results are in good agreement with the experimental data. For the sake of comparison we recall our
previous results on Ta d-impurity embedded in the same hosts.
PACS numbers: 71.20L.p, 71.55.Ak, 75.20.Hr
The description of the formation of local magnetic mo-
ments at impurities embedded in metallic systems has
been the concern of condensed matter theorists since the
pioneer work of Friedel.[1] On the other hand, from the
experimental point of view, the technic of time differen-
tial γ−γ angular correlation has been largely used in the
last years to obtain new information on the subject.[2]
In this work we discuss the formation of magnetic mo-
ments theoretically in connection with magnetic hyper-
fine fields.
A single Ce impurity in R site of RCo2 Laves phase
compounds introduces in the host the following main ef-
fects:
(i) a local potential due to the different impurity and
host charges;
(ii) a local change in the Coulomb interaction U I 6=
UR, the superscript I referring to the impurity and
R to the rare earth ;
(iii) the hopping among neighboring sites is modified
when the impurity is one of them.
(iv) Ce is in an intermediate valence state as inferred
from experiments.[3, 4] So, the Ce 4f resonance
is fractionally occupied and is strongly correlated
and admixed with the d -host conduction state ly-
ing very close to the Fermi energy.
The Ce valence state (4f15d16s2 in the atomic configu-
ration) is 4f1−δ5d1+δ6s2, where δ is the amount of charge
transfered from the 4f-resonance to the d-conduction
band. It is claimed in the literature [4, 5] that the Ce
valence state lies in the interval (3.2–3.4). In a previ-
ous calculation[3] intended for the CeGd we have self-
consistently obtained δ = 0.25. In the present paper we
adopted the same value.
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The main ingredients of the intermetallic host are the
two conduction bands (s-p and d, the last including
Coulomb correlation) of the rare earth R, whose cen-
ters depend on the 4f -polarization of R. This is the way
the 4f electrons of the host rare earth R enter into the
model.
The model includes also a magnetic coupling among
the impurity and the Co magnetic moments.[6] The
Hamiltonian describing the d and s-p contributions to
the formation of the local magnetic moment is
H = HR + V +HM , (1)
where
HR =
∑
i,σ
εchσ c
†
iσciσ +
∑
i,j,σ
tcijc
†
iσcjσ +
∑
i,σ
εdhσ d
†
iσdiσ
+
∑
i,j,σ
tdijd
†
iσdjσ +
∑
i
URndi↓n
d
i↑, (2)
defines an effective pure rare earth host which consists of
conduction s-p and d bands polarized by the 4f electrons.
In Eq. (2), εchσ and ε
dh
σ are the center of the s-p and d
energy bands, now depending on the spin σ orientation,
c
†
iσ (ciσ) and d
†
iσ (diσ) are the creation (annihilation) op-
erators of electrons at site i with spin σ (i = 0 is the
impurity site) and tcij and t
d
ij are the electron hopping
energies between neighboring i and j sites. The second
term of Eq. (1) is the non-local potential given by
V =
∑
σ
(εcIσ − ε
ch
σ )c
†
0σc0σ + τc
∑
j 6=0,σ
tc0j
(
c
†
0σcjσ + c
†
jσc0σ
)
+
∑
σ
(εdIσ − ε
dh
σ )d
†
0σd0σ + τd
∑
j 6=0,σ
td0j
(
d
†
0σdjσ + d
†
jσd0σ
)
+(U I − UR)nd0↓n
d
0↑, (3)
εcIσ and ε
dI
σ are the s-p and d impurity state energy levels.
The parameters τc and τd take into account the change
in the hopping energy associated with the presence of the
impurity.[6, 7]
2The last term of Eq. (1),
HM = −
∑
l 6=0,σ
σJ sd
〈
SCo
〉
c
†
lσclσ−
∑
l 6=0,σ
σJdd
〈
SCo
〉
d
†
lσdlσ,
(4)
is the interaction energy between the magnetic field from
the Co ions and the impurity spin. J sd and Jdd are the
exchange parameters and
〈
SCo
〉
is the average magnetic
moment at Co sites.
The Green function method allows the calculation of
the local density of states and thus the occupation num-
ber n0,σ for each spin-σ orientation.
From this [6] we find
m˜
γ
R(0) = −
1
pi
∑
σ
∫ ǫF
−∞
Im
σ g
γ
00σ(z)
α2γ − g
γ
00σ(z)V
γσ
eff (z)
dz (5)
for the contribution from rare-earth ions, where gγijσ(z)
is the host Green function, αγ = (τγ + 1) and
m˜
γ
ind(0) = +
1
pi
∑
σ
∫ ǫF
−∞
Im
α2γZnnJ
γd
〈
SCo
〉
[
α2γ − g
γ
00σ(z) V
γσ
eff (z)
]2
×
[
∂g
γ
00σ(z)
∂z
+ (gγ00σ(z))
2
]
dz (6)
for the contribution from the Co nearest neighbor ions, γ
referring to the s-p or to the d band. Znn is the number
of Co nearest neighbors. The effective potentials are
V
γσ
eff = V
γ
0σ + (α
2
γ − 1)(z − ε
γh
σ ), (7)
where V c0σ = (ε
cI
σ − ε
ch
σ ) and V
d
0σ = (ε
dI
σ − ε
dh
σ ) + (U
I −
UR)
〈
nd−σ
〉
are local term potentials.
Although the impurity f electrons were not included in
the Hamiltonian (1), their contribution to the magnetic
moment can be found once the impurity 4f and the rare-
earth d polarizations are parallel,[3]
m˜f(0) = Udfρf (εF )m˜
d
R(0), (8)
where Udf is an effective d-f Coulomb correlation involv-
ing d and f impurity electrons and ρf (εF ) is the density
of states of the f resonance at the Fermi level energy.
The magnetic hyperfine field Bhf at the impurity site
is
Bhf = A(Zimp)m˜
c(0) +A5dcpm˜
d(0) +A4fcpm˜
f (0). (9)
In Eq.(9):
(i) A(Zimp) is the positive Fermi-Segre` contact cou-
pling parameter. A table of coefficients A(Zimp)
is given by Campbell [8] and interpolating linearly
between the La and Lu coefficients, one finds for
Ce the value A(Zimp) = 322.1Tµ
−1
B ;
(ii) A5dcp is a negative core polarization constant of the
order of −120.0Tµ−1B for the 5d series;[8]
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FIG. 1: (Color online) d and f contributions to the magnetic
moment at a Ce impurity diluted in RCo2. The dotted line
corresponds to m˜f (0), the solid line to m˜dR(0), and the dashed
line to m˜dind(0).
(iii) A4fcp is the extra f -core negative polarization con-
stant, the value adopted here being −150.0Tµ−1B .[3]
In Fig.1, one sees that the transfered f -local magnetiza-
tion is parallel to m˜dR(0) as predicted by Eq.(8).
Fig. 2 exhibits the magnetic moments contribution at
a Ce impurity diluted in RCo2: The total s-p magnetic
moment, m˜c(0) = m˜cR(0) + m˜
c
ind(0) , the total d contri-
bution m˜d(0) = m˜dR(0) + m˜
d
ind(0) and the m˜
f (0).
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FIG. 2: (Color online) Magnetic moment contributions at a
Ce impurity diluted in RCo2. The dashed line corresponds to
m˜f (0), the dotted line to the total s-p m˜c(0), and the solid
line to the total d-contribution m˜d(0).
In Fig. 3 is shown the calculated total magnetic hy-
perfine fields Bhf in comparison with respective experi-
3mental data.[2, 9] The variation of the magnetic hyperfine
field along the series is smooth, its absolute value decreas-
ing as we go from heavy rare-earth GdCo2 to ErCo2.
Notice that the 4f -contribution given by Eq.(8) is re-
sponsible for the “shift” between Ce and Ta hyperfine
fields. In both case, we adopted the value 1µB for the
Co magnetic moment in the RCo2 systems. [10] We stress
again that the intermediate valence Ce impurity gives
an extra contribution to the core polarization hyperfine
fields (see Eqs.(8) and (9)), as compared to the 5d Ta im-
purity. In this sense Ce impurity acts as a 5d impurity
plus the 4f resonance contribution to the core polariza-
tion.
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FIG. 3: (Color online) Magnetic hyperfine fields for Ce and
Ta impurities in RCo2. Triangles (squares) are for Ce (Ta)
experimental values. Full (open) circles represent the theo-
retical results for Ce (Ta) impurity.
In Fig.(4) we display the contributions to the hyperfine
field[9] according to Eq.(9). The f term has the value to
confirm the difference between Ce and Ta hyperfine fields,
as commented above(cf. Fig 3).
Some comments on possible orbital contribution are
in order: It is known that most of rare earth impuri-
ties exhibits a strong orbital contribution when diluted
in Fe, Co and Ni hosts. A theoretical study([11]) uses an
Anderson-like model in which the degenerate 4f energy
level of the rare earth impurity is strongly hybridized
with a spin polarized electron band. This self-consistent
calculation has shown that, for Ce impurity, there is no
orbital contribution at all. Here, the host is RCo2 and, as
mentioned before, since Ce is in an intermediate valence
regime, the Ce 4f impurity level lies very close to the
Fermi level of the system. Thus the intermediate valence
of Ce results from the competition between the atomic
Hund’s rule and metallic host effects which destroys a
possible f-orbital moment and therefore no such orbital
f-moment contribution is expected to appear here either.
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FIG. 4: (Color online) Terms in the expression of the mag-
netic hyperfine fields for Ce impurities in RCo2 according to
Eq.(9): from s-p, from d, from f and total.
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